The advantages of protein-free synthetic media for biochemical study were appreciated early in the history of bacteriology. With a medium the chemical compQsition of which is known it should be possible to determine by exact study the chemical nature of the products of bacterial growth. In the complex peptone and infusion media this is impossible.
in water, yielding a brown but perfectly clear solution which is easily and completely decolorized by filtration through animal charcoal. The following tests were made with the decolorized solution.
Different modifications of the biuret method for the presence of proteins gave negative results, thus bearing out the contention of Dalimier and Lancereaux that the product is protein-free. The bromine water test for tryptophane was always negative. This observation is opposed to that of the previous authors, who claimed that tryptophane is present. Millon's Reagent gave a very weak reaction. No tyrosin crystals could be identified upon slow evaporation of a strong solution of the opsine, but leucine crystals were very numerous.
In the S6rensen formol titration, 5 cc. of 1 per cent opsine solution required 3.5 cc. of N/20 NaOH to neutralize it after the addition of neutral formalin. In other words, 1 gram of opsine contained 49 mgm. of nitrogen as monamino acid. A 1 per cent solution of opsine has a reaction with phenolphthalein of about + 1.
The first experiments were conducted with the opsine media as prepared by Dalimier and Lancereaux. Since opsine is so readily soluble, the different media were prepared with ease.
For opsine bouillon, opsine and sodium chloride were added to the water and the mixture heated for a few minutes, or' until solution was complete. The reaction was then adjusted, and the medium boiled over a flame for a few minutes and filtered. In the preparation of agar, bouillon was first made as described, and the desired amount of agar added. The agar medium was always tubed without filtering. Witte's powdered agar was employed. All of the media were sterilized for fifteen minutes at 12 pounds of extra steam pressure.
Inoculations were made from twenty-four hour slant agar cultures, and the growths recorded as follows: This system was employed in all of the experiments. In estimating the growth of any particular organism a mental comparison was made with the average growth of that organism on the corresponding extract-peptone medium. This standard growth was rated as + + +. These comparisons are, of course, only roughly approximate. Special care was taken, however, to make the inoculations light and as nearly alike as possible.
In duplicate experiments the growths agreed surprisingly well. Only a few of the tables are presented in this paper. For a com-. plete record the reader is referred to the original thesis in the Yale Library.
In the following experiments the media had the same composition as those employed by Dalimier and Lancereaux. Each of the media was employed with and without agar, the amount of agar in the solid media being 1.5 per cent. As test organisms 12 of the common and representative pathogens, and 5 non-pathogens were used. The following is a summary of the results.
The alkaline was the more favorable of the two reactions for M. cholerae, B. anthracis, B. abortus, Str. pyogenes and the diphtheria group, and the acid for B. pyocyaneus, Staph. aureus and B. typhi. On the opsine agar the growths were much better than in the opsine bouillon, being in general %lmost equal to those on the common meat extract peptone agar, and slightly better than those on a medium of Witte?s peptone 1 per cent., NaCl 0.5 per cent, agar 1.5 per cent. Glycerol in the alkaline bouillon slightly increased the growth of almost all of the organisms, but in the acid bouillon it was more often detrimental. This can probably be attributed to the action of acids produced from it by the organisms. In agar the glycerol nearly always appeared to increase the growth slightly. It was also very favorable to intense pigment production.
The addition of Liebig's meat extract, 0.5 per cent, to neutral opsine agar, yielded considerably better results than the opsine neutral agar alone. The difference between the two was more pronounced at forty-eight hours than at twenty-four. The growths on this extract medium were as a rule almost, or quite, as good as on the common laboratory media. Of course, such a medium would not be protein-free, as Liebig's meat extract has been shown to contain traces of proteoses and peptones.
Some of the more fastidious organisms grew on a faintly alkaline medium of fresh beef infusion agar + 1 per cent opsine almost as well as on meat infusion peptone agar. The following table shows the growths of the third transplants on this medium after thirty. hours' incubation: Gonococcus (287 When glucose (1 per cent) was added to opsine agar, neutral to litmus, the growths were usually less abundant than on the plain opsine agar. In the case of Streptococcus pyogenes, B. pyocyaneus, and B. prodigiosus, however, the reverse was true. Like glycerol, glucose greatly increased and intensified color production by the last two organisms. The inhibition on the part of the glucose was presumably due to acid formation.
Nitrates were reduced to nitrites in decolorized opsine bouillon by the five strains of B. coli and the one of B. aerogenes tried. The sterile controls were negative. As might be expected from the negative tryptophane tests, no indol could be detected in coli cultures even in 2 per cenit decolorized opsine. There was always good growth, and the peptone water controls of the same organisms were strongly indol-positive. Tests In comparisons of the growths in 1 per cent opsine bouillon before and after decolorization with charcoal there were rather striking irregularities, especially with the diphtheria group. Although, in general, growth was a little slower and scantier in the decolorized medium, one or two strains seemed consistently to thrive better in it. B. diphtheriae (No. 8) was sIow in development in the decolorized medium, and did not form a film as it did in the undecolorized fluid. It was found that the decolorization resulted in only a very slight increase in the acidity of 'the opsine, (about +0.1), and a very small decrease in the S6rensen formalin titration for monamino acids. Animal charcoal which had been washed free of chlorides was used. On the whole, then, the undecolorized medium was rather more favorable to growth, although when agar was used the difference was very slight. It is probable that the charcoal removed something else from the medium besides the coloring matter, but no definite conclusion as to the nature of this material was reached. It was shown nbt to include the monamino acids.
In order to determine whether opsine could be improved as a culture medium by the addition of certain inorganic salts and carbo-hydrates the following substances were added to 2 per cent opsine and to fresh beef infusion + 1 per cent opsine. The media contained 1.5 per cent agar. Plain 1 per cent and 2 per cent opsine agar were also used. All of the media were very faintly alkaline to litmus, and inoculations were made from young agar cultures. The growths were recorded after fortyeight hours' incubation.
The growths on 2 per cent opsine alone were on the whole fully as good as those on 2 per cent opsine plus the above added substances. Every organism out of the large number tried, with the exce,ption of one strain of pneumococcus, grew on opsine alone without beef infusion. The medium containing 1 per cent opsine + beef infusion + the above agents was a little less favorable for the gonococcus and pneumococcus (save strain 697) than 2 per cent opsine + the given mixture, but was decidedly more favorable for B. suisepticus and the streptococcus of equine influenza. In the case of the other organisms there was very little difference.
Experiments were also performed to compare the morphology and viability of cultures on opsine agar with those on fresh beef infusion peptone agar. These two media were prepared with reactions faintly alkaline to litmus, 1 per cent opsine, and 1 per cent peptone and 1.5 per cent agar being used. The cultures were transplanted four times on opsine agar and twice on the beef infusion peptone agar, the medium on which they were accustomed to grow. Pathogenic bacteria were incubated at 370 and saprophytic organisms at 240. Transfers were made every two days. In general, there was little difference in the appearance and luxuriance of the growths on the two media, especially in the last transplants. Differences were distinctly apparent in the following cases: On opsine the growth of Leptothrix was wrinkled, while on the control medium it was larger in amount and smooth. B. suisepticus and B. diphtheriae (K.L.) grew better on the control. On the other hand, the Hofmann bacillus showed a much better growth on opsine. Cultures of B. prodigiosus on opsine were of a good red tinge, but in the control tubes were colorless.
As smears from the opsine and the control cultures were made and stained side by side on the same slide, a careful comparison between the two series as to morphology and staining reaction was possible. With many organisms, the stained preparations from the two media were practically identical as to the morphology and uniformity of the bacteria, and the nature and depth of the stain. In others, however, distinct differences could be detected, whiich were sometimes in favor of the opsine, and again to the advantage of the control medium. Several Gram-positive organisms showed a tendency to be Gram-negative on the opsine.
In order to see if long continued residence in opsine would induce any changes, these cultures were kept at 160 for twentyfour days, then a fifth series of transplants was made to the opsine and control media respectively, and the organisms stained as before. The results on the opsine were somewhat more favorable than before, although therewas no very striking or general change. Without going into much detail, it can be stated in a general way that on opsine B. coli, B. pneumoniae, M. cholerae, B. avisepticus, B. glycobacter (peptolyticus), Streptococcus viridans, Proteus vulgaris and the diphtheria group were more typical and uniform, while the control medium was the more favorable for Bact. pullorum, Staph. aureus, B. prodigiosus, B. fluorescens (liquefaciens) and Proteus zenkeri. On the whole, the pathogens, especially those that are more difficult to cultivate on ordinary media, as the diphtheria group and Streptococcus viridans, were more uniform and typical in morphology, and stained better, when grown on opsine than on the control beef infusion peptone medium.
In order to test the comparative viability of the organisms on the two media, the above mentioned growths (fourth transplants) were kept at 160 and subcultures made at different intervals to beef infusion and beef extract peptone agar.
Stains made at the end of twenty-four days showed that all were pure cultures. Wherever a subculture failed to develop, the operation was repeated, heavier inoculations being made. This often changed the result. It was found that B. suisepticus was alive on both media after sixteen days, but dead after twenty-four days; B. acne (51) was alive on both .at twenty-four days, and on opsine at forty days, the control being contaminated. Streptococcus viridans died on the control before sixteen days, but was still viable on opsine after two months. After twenty-four days, Leptothrix was dead on the opsine, but living on the control, while at forty days both cultures were dead. B. diphtheriae (strains A, Y.M.S., and 8m), were dead on opsine at two months, forty days and twenty-four days respectively. All were alive on the control medium after two months.
B. hofmannii could not be subcultured from opsine after forty days, and from the control after two months. All the other forms were still alive on both media at the end of two months (160).
Viability tests were also made on 1 per cent decolorized opsine agar, inoculated from the above fourth transplant. No controls were used.
All of the organisms grew, although in a few instances not quite as well as on the undecolorized opsine agar. After one month at 160 all of the cultures save Leptothrix, B. diphtheriae (strains a, Y.M.S., and 8m.), and Actinomyces were still alive. At The meningococcus cultures were kept at 180, the others in the refrigerator, and subcultures were made on the control med'ium at various intervals. After seven days all were still alive, but after seventeen days pneumococcus no. 80 had died on both media and pneumococcus no. 690 on the opsine. At twentyfive days, pneumococcus no. 690 was still alive on the control medium, but gonococcus no. 287 had died on both media and M. catarrhalis on the opsine. At the end of one month pneumooccus no. 690 and M. catarrhatis had died on the control also. In another lot kept at 16°for twenty-eight days, pneumococcus no. 80 was still alive on both media, pneumococcus no. 690 on opsine, but not on the control, gonococcus no. 287 on the control but not on the opsine, M. catarrhalis on neither, and the others on both.
On decolorized opsine the growth and viability of these organisms was distinctly less than on the undecolorized medium.
Acid-digestion products as culture media Casein, milk albumin and edestin were the proteins chosen for the preparation of the digestion products. Casein contains all of the well-known amino acids with the exception of glycocoll and possibly cystine. In its crude form it is cheap and readily obtainable. Commercial milk albumin also is inexpensive, but it contains a limited number of amino acids, alanine, valine, leucine, aspartic acid, glutamic acid, phenylalanine, tyrosine, proline and tryptophane having been found. Edestin is a representative of the group of vegetable proteins, and contains all of the amino acids save perhaps oxyprolihe.
The above proteins were hydrolyzed with hydrochloric acid and the products prepared for us by Professor Lafayette B.
Mendel, as follows. These products were all of a very dark brown color, but, like the opsine solution, could be easily decolorized with animal charcoal. For the sake of brevity they will hereafter be designated as "Casein A," "Casein B," "Casein C," "Edestin product " and "Lactalbumin product." The biuret test was negative in all, even by the most delicate methods. As might be expected from the severity of the treatment, all tests for tryptophane were also negative. When, however, a small amount of a weak tryptophane or peptone solution was added, a positive result was obtained, showing that the negative tests were not due to inter-ference. Tyrosine and leucine crystals were detected in all of the solutions, on evaporation, and glutamic acid crystals in the "Lactalbumin product." Millon's test was always positive.
It was found, by evaporating to as near dryness as possible, that a medium containing 5 per cent of any of these solutions consisted of about 1 per cent solid matter. S6rensen's formalin titration for monamino acids was tried on the casein products. 5 cc. of a 5 per cent solution of " Casein A" required 4.1 cc. of j0 NaOH to neutralize it after the addition of the neutral formalin. With "Casein B" and "Casein C" the figures were 2.9 cc. and 3.7 cc. of W NaOH respectively. In an ammonia determination by Folin's method, 10 cc. of the original " Casein C " solution was found to contain 25 mgm. of N as NH3. The other solutions were not tested.
All of these products could be decolorized and made up into culture media in the same easy and rapid way as opsine. Considerable NaOH was necessary to neutralize the media. It was found that 100 cc. of a 5 per cent "Casein C" solution required about 0.8 cc. of w NaOH to make it neutral to litmus, so there was approximately 0.5 per cent of NaCl formed in the process. The other media did not differ very materially from this.
Bacterial Growth in Casein Products
In a medium of "Casein A" only, decolorized and of 10 per cent strength, 17 (51), and B. pertussis were found to have died. At eleven weeks all of the others were still alive.
Effect of decolorizcttion with animal charcoal
In an experiment to determine whether the decolorizing process had any effect on the nutrient properties, " Casein B " agar was prepared as in the last experiment, one-half of the lot of medium being decolorized. Both the decolorized and undecolorized agar were inoculated at the same time from young cultures.
It was found that in general decolorization of the medium detracts little from its nutrient properties. However, B. typhi (10) and Streptococcus (urine) , which grew scantity on the natural medium, failed to grow at all when the latter was decolorized, and B. diphtheriae (a) and B. pseudo-diphtheriae grew a little less readily after decolorization. The undecolorized cultures were kept fifteen days longer at 160, and then transferred again to the same medium. All but B. typhi (10), M. catarrhalis and B. diphtheriae (a and 8m) were still alive. The list included the meningococcus, B. avtsepticus, B. abortus, M. melitensis and M. cholerae (asiaticae).
Effect of adding various substances to the digestion products When 0.5 per cent Liebig's meat extract was added to " Cavein B)" media, the growths were quite noticeably increased. Pigment production by Staph. aureus and S. aurantiaca was also improved. On agar containing 0.5 per cent meat extract only, growths were scanty and in the case of B. diphtheriae, entirely lacking.
Since Vedder has claimed that starch is a valuable constituent in culture media, this was also added to " Casein B " agar to the amount of 1 per cent. No difference in the growth of the organisms could be noticed, however.
Comparisons were made between the following media, all undecolorized and containing 1.5 per cent agar; (1) "Casein C " 3 per cent, (2) "Casein C" 5 per cent, (3) "CaseinC" 7per cent and (4) "Casein C " 2.5 per cent + edestin product 2.5 per cent + lactalbumin product 2.5 per cent. On media 1 and 2 the growths were not quite so good as on medium 3. The mixture of products proved slightly superior to the other media, Streptococcus and B. diphtheriae (A) growing scantily on this, and not at all on the others. However, the mixture was not so distinctly superior as had been hoped.
Some of the more difficult organisms to cultivate were also tried out on the following media:
I. " Casein C " 8 per cent. II. Lactalbumin product paste 2 per cent. III. "Casein C " 2.5 per cent + lactalbumin product 2.5 per cent + edestin product 2.5 per cent.
All contained 1.5 per cent agar, were not decolorized, and were 22Oa3 
GROWTHS IN LACTALBUMIN AND EDESTIN PRODUCTS
A few preliminary experiments demonstrated that the edestin and lactalbumin products were inferior to the casein products as culture media, so little work was done with these two. On theLiebig's meat extract (0.5 per cent) considerably improved the medium. The color of B. 'prodigiosus cultures was not nearly as brilliant as on the edestin product alone, but the fluorescent pigment was formed by B. fluorescens and B. pyocyaneus.
It was found that the growths on the lactalbumin product paste were much better on 2 per cent of the paste than on 4 per cent, and slightly better than on 1 per cent. Too large an amount of this strongly acid paste on neutralization probably formed enough NaCl to be inhibitory. In general, this product was a better culture medium than the edestin, but inferior to the casein product.
THE GROWTH OF ANAEROBES IN THE PROTEIN-FREE DIGESTION PRODUCTS
It was surprising to find that not only B. tetani, B. aerogenes (capsulatus) and B. botulinus, but also the putrefactive organisms, B. edematis (maligni), B. anthracis-symptomatici and B. putrificus, grew well on the different protein-free digestion products, especially opsine.
In 2 per cent opsine B. edematis (maligni) and B. anthracissymptomatici gave very heavy growths in from twenty-four to thirty-six hours. After three days of incubation spores became abundant and only a few bacilli remained. Repeated transplantation in this medium did not apparently affect the viability of these organisms.
In 2 per cent opsine plus 1 per cent glucose the growths were even more luxuriant, but the morphology of the bacilli was not the same as it was in the plain opsine. The 
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It was noticed that spore formation was always more advanced in the opsine cultures than in the bouillon. B. putrificus (A) was also grown with Staphylococcus aureus aerobically in these two media for the same length of time (five days). On the whole, when in symbiosis with Staphylococcus aureus it grew as well in free contact with the atmosphere as in Buchner tubes, and the morphology was about the same in both cases. All of these anaerobes, except B. botulinus, were also tried in 1 per cent opsine + 1 per cent glucose, being grown in Buchner tubes for five days. All grew well. B. edematis and B. anthracissymptomatici formed no spores, but quite typical and generally well-stained rods were numerous.
B. bulgaricus and B. acidophilus produced a good growth within twenty-four hours in 1 per cent opsine + 1 per cent glucose. No loss of viability was apparent after six transplantations in this medium.
SUMMARY
The protein-free enzyme-digestion product opsine serves as an excellent culture medium for both pathogenic and non-pathogenic bacteria. Practically all of the many organisms employed
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With the exception of the diphtheria group, the different organisms remained viable as long on opsine as on the standard peptonemeat-infusion medium.
A reaction slightly alkaline to litmus was found to be the best for general use. Glycerol increased the growths in alkaline but not in acid media, while glucose seemed as a rule to be somewhat detrimental. Prepared meat extract, and better still, fresh beef infusion, were distinctly favorable. Decolorization with animal charcoal slightly lessened the value of the opsine as a culture medium.
The decomposition products of casein, lactalbumin and edestin obtained by acid hydrolysis were also employed as culture media. Of these the hydrolyzed casein gave the best results, but it was inferior to the opsine. The edestin product was the least satisfactory. It is highly probable that in the hydrolysis of these proteins with hydrochloric acid the treatment is sufficient to destroy many of the intermediate decomposition products which serve so admirably as food for microorganisms.
Bacteria do not require proteins, even in minute quantities, to carry on their normal cultural development, but obtain their sustenance from less complex substances, as for example the amino acids and perhaps some of the simpler polypeptids.
In conclusion we desire to express our sincere gratitude to Prof. Lafayette B. Mendel for the preparation of the different acid-digestion products employed in this investigation, and for his hearty cooperation throughout the entire course of this work.
